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Abstract 
 ix
Effect of Seed of Seed Sources and Soil Type on Seed germination and 
Seedlings Establishment of Acacia polycantha Willd – North Kordofan 
State, Sudan 
This study was carried out during 2007/2008 in the nursery and experimental 
farm of Gum Arabic Research Center, University of Kordofan at El Obeid 
town, North Kordofan State, to study the effect of seed sources and soil 
types on seed germination and seedlings establishment of Acacia 
polycantha. Seeds were collected from three areas: South Darfur; South 
Kordofan and Blue Nile states. 
The study consisted of seed dormancy breakage test by several methods 
(pretreatment with soaking in cold and hot water, corroding by 25% and 
50% conc. H2SO4,  and itching by electrical needle); the seed were planted 
in the nursery in different soil types (sand, clay and mixture) and field 
establishment of the species through direct seed sowing and seedling 
transplantation. 
 The seeds from South Darfur failed to germinate, and did not thrive 
satisfactorily both in the nursery and in the field, and thus were excluded 
from the experimentation. 
Seeds treated by electric needle test gave the highest germination percentage 
(60%). Treatment with H2SO4 25 gave the lowest values (20%), even (10%) 
 x
lesser than that of the control and cold water. The electric needle and the 
boiling water were effective treatment for Acacia polycantha seed dormancy 
breakage. The cold water and 50% conc. H2SO4 gave identical values. 
The seed source obviously had little effect on Acacia polycantha seed 
germination except for the control from Blue Nile which was twice stronger 
than that of South Kordofan.     
The study showed that there were significant differences among the types of 
soils in measured parameters in the nursery.The seedlings length in the 
mixture was better than in the sand. Little difference was observed between 
seedling length in the mixture and the clay, but the difference between the 
mixture and sand was about 1.5 folds. Root length growth in the sand 
showed better performance (32.1cm) and fallowed by clay and mixture. 
Shoot/root length ratio was similar in the clay and the mixture but that in the 
sand was the lowest.  Seedlings of the mixture had denser foliage than those 
of clay and sand. Shoot dry weight was significantly different between the 
mixture and sand, while there was no difference between both mixture and 
clay and clay and sand. Seedlings in the sand had the lowest shoot 
masses.The shoot/root weight ratio, in the sand was far lower than that of 
clay and mixture; this difference exceeded 3.7 folds. 
 xi
For the seeds source, the Blue Nile seedlings length was higher than those of 
South Kordofan by a difference of 4.1 cm. Like wise a significant difference 
was obtained between the seedlings root length of the two locations; here the 
South Kordofan seedlings developed longer root lengths by a difference of 
3.4 cm on average. The shoot/root length ratios of the seedlings of the two 
locations were 1.8 and 1.4 for Blue Nile and South Kordofan, respectively. 
For the shoot and root dry weights, the respective difference of magnitude in 
the mass values of these parameters was 0.7 and 0.8 g. For the shoot/root 
weight ratio, the Blue Nile seedlings were higher than those of South 
Kordofan, by a difference of 0.6. 
NPK and organic carbon content in the seedlings showed, no significant 
differences between South Kordofan and Blue Nile; also there were no 
significant difference between the soil type (Mixture and Sand) but the clay 
differed from the others in Potassium and organic carbon.  
Direct seed sowing in the field failed to germinate which was attributed to 
the poor sandy soil conditions and drought conditions.  
The study showed that there were no significant differences in the studied 
parameters for the seedlings transplanted in the field except for the root 
collar diameter; which was better in mixture fallowed by sand and clay. For 
the two seed sources there were no significant differences in diameter and 
 xii
number of leaves, but there were significant differences between them in 
seedlings length which was taller for Blue Nile than South Kordofan source. 
The study concluded that seed dormancy of Acacia polycantha can be easily 
broken by available pre-treatment methods, particularly hot water and 
electrical needle itching. Nursery seedling stock can be satisfactorily raised 
in sand-clay mixture soils. Seeds from different areas had different 
germination and growth rates which might be considered as separate 
provenances. Field establishment of Acacia polycantha in dry ecozones on 
sandy soils is very poor and better establishment may be obtained in more 
humid areas as on clay or loamy soils. In view of the scanty information 
about this species and envisaging its apparent potential as gum producing 
tree, more research work is needed both for natural stands and plantations.   
 
 
 
 
 
 
 
ﺔﺻﻼﺨﻟا 
iiix 
وﻻﻳﺔ -ﺮ ﻣﺼﺎدر اﻟﺒﺬور واﻟﺘﺮب ﻋﻠﻰ إﻧﺒﺎت ﺑﺬور وﺗﺄﺳﻴﺲ ﺷﺘﻮل  ﺷﺠﺮة اﻟﻜﺎآﻤﻮت ﻴﺄﺛﺗ: اﻟﻌﻨﻮان
 اﻟﺴﻮدانا-ﺷﻤﺎل آﺮدﻓﺎن
ﺟﺎﻣﻌﺔ آﺮدﻓﺎن ﻓﻰ اﻟﻤﻮﺳﻢ –ﻰ أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻓﻰ ﻣﺸﺘﻞ ﻣﺮآﺰ أﺑﺤﺎث اﻟﺼﻤﻎ اﻟﻌﺮﺑ
ﺘﻮل ﺮ ﻣﺼﺎدر اﻟﺒﺬور واﻟﺘﺮب ﻋﻠﻰ إﻧﺒﺎت ﺑﺬوروﺗﺄﺳﻴﺲ ﺷﻴﺄﺛﺗﺑﻐﺮض دراﺳﺔ  8002/7002
ﻮر، ﺟﻨﻮب آﺮدﻓﺎن، و اﻟﻨﻴﻞ ﺟﻨﻮب دارﻓ  وﻻﻳﺎت ﺟﻤﻌﺖ اﻟﺒﺬور ﻣﻦ ﺛﻼﺛﺔ ﻣﻮاﻗﻊ هﻲ. اﻟﻜﺎآﻤﻮت
 .اﻻزرق
 ,اﻟﻐﻤﺮﻓﻲ اﻟﻤﺎء اﻟﺒﺎرد) ت آﺴﺮ آﻤﻮن اﻟﺒﺬور ﺑﻄﺮق ﻣﺨﺘﻠﻔﺔ أﺷﺘﻤﻠﺖ اﻟﺪراﺳﺔ ﻋﻠﻲ إﺧﺘﺒﺎرا
ة ، و اﻟﺨﺪش ﺑﺎﻹﺑﺮ%05و  % 52ﺤﺎﻣﺾ اﻟﻜﺒﺮﻳﺘﻴﻚ ﺑﺘﺮآﻴﺰﻳﻦ ﺑ اﻟﺴﺎﺧﻦ و اﻟﻤﻌﺎﻣﻠﺔ اﻟﻤﺎء اﻟﻤﻐﻠﻲ
، وﺗﻢ (رﻣﻞ، ﻃﻴﻦ و ﺧﻠﻴﻂ)اﻟﺒﺬور ﻓﻲ اﻟﻤﺸﺘﻞ ﻓﻲ اﻧﻮاع ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻟﺘﺮب هﻲ  زرﻋﺖ(. اﻟﻜﻬﺮﺑﺎﺋﻴﺔ
 .ﺗﺄﺳﻴﺲ اﻟﻨﻮع اﻟﺸﺠﺮى ﻓﻲ اﻟﺤﻘﻞ ﻋﻦ ﻃﺮﻳﻖ اﻟﺒﺬر اﻟﻤﺒﺎﺷﺮ و اﻟﺸﺘﻮل اﻟﻤﻨﻘﻮﻟﺔ ﻣﻦ اﻟﻤﺸﺘﻞ
ﻓﺸﻠﺖ اﻟﺒﺬور اﻟﺘﻲ ﺟﻠﺒﺖ ﻣﻦ ﺟﻨﻮب دارﻓﻮر ﻓﻰ اﻹﻧﺒﺎت وﻟﻢ ﺗﻨﻤﻮ ﺑﺎﻟﺸﻜﻞ اﻟﻤﺮﺿﻰ ﻓﻲ اﻟﻤﺸﺘﻞ 
أﻋﻠﻲ ﻧﺴﺒﺔ إﻧﺒﺎت  ﺘﻲ ﻋﻮﻣﻠﺖ ﺑﺈﻻﺑﺮة اﻟﻜﻬﺮﺑﺎﺋﻴﺔاﻟﺒﺬور اﻟاﻋﻄﺖ .ﻟﺬا ﺗﻢ إﺳﺘﺒﻌﺎدهﺎ ﻣﻦ اﻟﺘﺠﺮﺑﺔو اﻟﺤﻘﻞ 
وهﻰ اﻗﻞ  ﻣﻦ %( 02)ﺔ إﻧﺒﺎت أﻋﻄﺖ أﻗﻞ ﻧﺴﺒ% 52و اﻟﺘﻲ ﻋﻮﻣﻠﺖ ﺑﺤﺎﻣﺾ آﺒﺮﻳﺘﻴﻚ %(. 06)هﻲ
اﻹﺑﺮة اﻟﻜﻬﺮﺑﺎﺋﻴﺔ و اﻟﻤﺎء اﻟﻤﻐﻠﻲ هﻤﺎ اﻓﻀﻞ ﻃﺮﻳﻘﺘﻴﻦ ﻟﻜﺴﺮ آﻤﻮن %. 01واﻟﻤﺎء اﻟﺒﺎرد ب  ﺸﺎهﺪاﻟ
ﻧﺴﺐ ﻣﺘﻤﺎﺛﻠﺔ ﻓﻰ %  05اﻟﻤﺎء اﻟﺒﺎرد وﺣﺎﻣﺾ اﻟﻜﺒﺮﻳﺘﻴﻚ ذو اﻟﺘﺮآﻴﺰ  ﻋﻄﻲأ ﺷﺠﺮة اﻟﻜﺎآﻤﻮت، ﺑﺬرة
 .اﻟﻘﻴﻤﺔ
ﻟﺒﺬور  ﺸﺎهﺪﻃﻔﻴﻒ ﻋﻠﻲ إﻧﺒﺎت اﻟﺒﺬرة ﻋﺪا اﻟ َاﺮﻴﺄﺛﺗأﻣﺎ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻤﺼﺎدر اﻟﺒﺬور اﺗﻀﺢ أن هﺘﺎﻟﻚ 
 .اﻟﺒﺬور اﻟﺘﻲ ﺟﻠﺒﺖ ﻣﻦ ﺟﻨﻮب آﺮدﻓﺎن ﺷﺎهﺪاﻟﻨﻴﻞ اﻻزرق ﻓﻜﺎن ﺿﻌﻒ 
. اﻟﺘﻰ درﺳﺖ ﻓﻰ اﻟﻤﺸﺘﻞ ﻋﻠﻲ اﻟﺼﻔﺎتﺮب ﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ ﺑﻴﻦ اﻟﺘأﻇﻬﺮت اﻟﺪراﺳﺔ وﺟﻮد ﻓ
ﺑﻴﻦ ﻃﻮل  اﺧﺘﻼف ﻃﻔﻴﻒﻟﻮﺣﻆ و .ﻓﻰ اﻟﺮﻣﻞ ﻬﺎﺘﻮل ﻓﻰ اﻟﺨﻠﻴﻂ اﻓﻀﻞ ﻣﻦ ﻃﻮﻟﺣﻴﺚ آﺎن ﻃﻮل اﻟﺸ
vix 
 5.1اﻟﺨﻠﻴﻂ و اﻟﺮﻣﻞ ﻓﻜﺎن ﺑﻤﺎ ﻳﻌﺎدل  و اﻟﻄﻴﻦ  وﻟﻜﻦ اﻻﺧﺘﻼف ﺑﻴﻦ ﺷﺘﻮل ,اﻟﺸﺘﻮل ﻓﻰ  وﺳﻂ اﻟﺨﻠﻴﻂ
ﻳﻠﻴﻪ اﻟﻄﻴﻦ ﺛﻢ ( ﺳﻢ1.23)داء ﻣﻘﺎرﻧﺔ ﺑﺎﻻﺧﺮ، ﻓﻜﺎن أاﻓﻀﻞ أﻬﺮﻣﺮة، أﻣﺎ ﻃﻮل اﻟﺠﺰرﻓﻲ اﻟﺮﻣﻞ ﻓﻘﺪ أﻇ
أﻣﺎ ﻓﻰ ﻧﺴﺒﺔ اﻟﻤﺠﻤﻮع  اﻟﺨﻀﺮي اﻟﺠﺎف ﻋﻠﻰ  اﻟﻤﺠﻤﻮع اﻟﺠﺰرى اﻟﺠﺎف ﻓﻜﺎﻧﺖ اﻻﻓﻀﻠﻴﺔ . اﻟﺨﻠﻴﻂ
وﻋﺪد اﻻوراق ﻓﻰ ﺷﺘﻮل اﻟﺨﻠﻴﻂ آﺎﻧﺖ أآﺜﻒ ﻣﻦ اﻟﻄﻴﻦ . ﻗﻞ ﻧﺴﺒﺔأﻋﻄﻰ أ ﻣﻞﺮﻟﻠﻄﻴﻦ واﻟﺨﻠﻴﻂ ﻣﻌًﺎ  واﻟ
ﻮع  اﻟﺨﻀﺮي ﻓﻬﻨﺎﻟﻚ ﻓﺮق ﻣﻌﻨﻮى ﺑﻴﻦ اﻟﺨﻠﻴﻂ واﻟﺮﻣﻞ، وﻻﻳﻮﺟﺪ ﻓﺮق أﻣﺎ اﻟﻮزن اﻟﺠﺎف ﻟﻠﻤﺠﻤ.واﻟﺮﻣﻞ
ﻗﻞ ﻗﺮاءة ﻣﻦ ﺣﻴﺚ اﻟﻜﺘﻠﺔ أوﻧﺠﺪ أن اﻟﺮﻣﻞ  ﺳﺠﻞ .  ﺑﻴﻦ اﻟﺨﻠﻴﻂ و اﻟﻄﻴﻦ و اﻟﺮﻣﻞ ﻣﻌًﺎ ﻣﻌﻨﻮي
ان اﻟﺮﻣﻞ ﻳﻘﻞ ﻋﻦ اﻟﺨﻠﻴﻂ واﻟﻄﻴﻦ ﺑﻤﻘﺪار أﻣﺎ ﻋﻦ ﻧﺴﺒﺔ وزن اﻟﺠﺰء اﻻﺧﻀﺮ ﻟﻠﺠﺰر وﺟﺪ أ. اﻟﺨﻀﺮاء
 .ﻣﺮة 7.3
ﻰ ﺷﺘﻮل ﺟﻨﻮب آﺮدﻓﺎن أﻣﺎ ﻣﻦ ﺣﻴﺚ اﻟﻤﻮﻗﻊ، ﻓﻨﺠﺪ أن ﻃﻮل ﺷﺘﻮل اﻟﻨﻴﻞ اﻻزرق ﺗﻘﻮﻗﺖ ﻋﻠ
ﻳﻮﺟﺪ ﻓﺮق ﻣﻌﻨﻮي ﺑﻴﻦ ﻃﻮل اﻟﺠﺰور ﻓﻲ اﻟﻤﻮﻗﻌﻴﻦ؛ وﻃﻮل اﻟﺠﺰرﻓﻲ ﺟﻨﻮب  آﺬﻟﻚ ,(1.4)ﺑﺤﻮاﻟﻰ 
وﻣﻦ ﺣﻴﺚ ﻧﺴﺒﺔ اﻟﺠﺰء اﻻﺧﻀﺮ ﻋﻠﻰ اﻟﺠﺰر ﺗﻔﻮﻗﺖ (. 4.3)ﻮل ﺑﻔﺮق ﻳﻌﺎدل اﻟﻤﺘﻮﺳﻂ أﻃآﺮدﻓﺎن 
اﻟﻨﺴﺒﺔ اﻟﺠﺎﻓﺔ ﻟﻠﻤﺠﻤﻮع (. 4.1، 8.1)ﻰ ﺷﺘﻮال ﺟﻨﻮب آﺮدﻓﺎن ﻋﻠﻰ اﻟﺘﻮاﻟﻰ ﺷﺘﻮل اﻟﻨﻴﻞ اﻻزرق ﻋﻠ
( ﺟﻢ 8.0و 7.0) اﻟﻤﻘﺎﺳﺔ هﻲ  ﻟﻠﺼﻔﺎتوﺟﺪ اﻻﺧﺘﻼف  ﻓﻲ اﻟﻜﺘﻠﺔ اﻟﺨﻀﺮى ﻋﻠﻰ اﻟﻤﺠﻤﻮع اﻟﺠﺰرى 
ﻓﻀﻞ ﻣﻦ ﺟﻨﻮب أأﻣﺎ ﻋﻦ ﻧﺴﺒﺔ وزن اﻟﺠﺰء اﻻﺧﻀﺮ ﻟﻠﺠﺰر وﺟﺪ ان ﺷﺘﻮل اﻟﻨﻴﻞ اﻻزرق .ﻋﻠﻰ اﻟﺘﻮاﻟﻲ
 .6.0ﺧﺘﻼف ﻗﺪرﻩ ﺈآﺮدﻓﺎن ﺑ
ﻇﻬﺮت ﻋﺪم وﺟﻮد أﻣﺤﺘﻮى اﻟﻨﻴﺘﺮﺟﻴﻦ، اﻟﻔﺴﻔﻮر، اﻟﺒﻮﺗﺎﺳﻴﻢ و اﻟﻤﺎدة اﻟﻌﻀﻮﻳﺔ ﻓﻰ اﻟﺸﺘﻮل 
ﻓﺮق ﻣﻌﻨﻮى ﺑﻴﻦ اﻟﻤﻮﻗﻌﻴﻦ ﺟﻨﻮب آﺮدﻓﺎن واﻟﻨﻴﻞ اﻻزرق آﺬﻟﻚ ﻻ ﻳﻮﺟﺪ ﻓﺮق ﻣﻌﻨﻮى ﺑﻴﻦ اﻟﺘﺮب 
أﻣﺎ ﻋﻦ ﻓﺸﻞ  .اﻟﻄﻴﻦ ﻓﻘﺪ إﺧﺘﻠﻒ ﻓﻰ اﻟﺒﻮﺗﺎﺳﻴﻢ واﻟﻤﺎدة اﻟﻌﻀﻮﻳﺔ ﻋﻦ ﺑﻘﻴﺔ اﻟﺘﺮب ﻋﺪا (اﻟﺨﻠﻴﻂ ، اﻟﺮﻣﻞ)
 .ﻟﺒﺬر اﻟﻤﺒﺎﺷﺮ ﻓﻲ اﻟﺤﻘﻞ ﻓﻘﺪ ﻋﺰي اﻟﻲ ﻓﻘﺮ اﻟﺘﺮﺑﺔ اﻟﺮﻣﻠﻴﺔ ﻟﻠﺤﻘﻞ و اﻟﺠﻔﺎفا
vx 
ﺑﺎﻟﻨﺴﺒﺔ ﻟﻨﻤﻮ اﻟﺸﺘﻮل اﻟﺘﻲ  اﻟﺼﻔﺎت اﻟﺘﻰ درﺳﺖوﺟﻮد ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﻪ ﻋﻠﻰ  ﻋﺪمﺗﻀﺢ اﻳﻀًﺎإ و
،أﻣﺎ ﻣﻦ ﺣﻴﺚ اﻟﻤﻮﻗﻌﻴﻦ اﻟﺨﻠﻴﻂﻳﻠﻴﻪ اﻟﺮﻣﻞ ﺛﻢ اﻟﻄﻴﻦ ﻧﻘﻠﺖ اﻟﻲ اﻟﺤﻘﻞ اﻻﻓﻰ ﻗﻄﺮ اﻟﺸﺘﻮل ﻓﻜﺎن أﻓﻀﻞ ﻓﻰ 
ت ﻣﻌﻨﻮﻳﺔ ﻓﻰ ﻗﻄﺮ اﻟﺸﺘﻮل وﻋﺪد اﻻوراق وﻟﻜﻦ ﻳﻮﺟﺪ ﻓﺮق ﻣﻌﻨﻮى ﻓﻰ ﻃﻮل اﻟﺸﺘﻮل ﻓﻼ ﻳﻮﺟﺪ ﻗﺮوﻗﺎ
  .ﻮل ﻣﻦ ﻣﻮﻗﻊ ﺟﻨﻮب آﺮدﻓﺎنأﻃﻓﻜﺎﻧﺖ ﺷﺘﻮل اﻟﻨﻴﻞ اﻻزرق 
ﺧﻠﺼﺖ اﻟﺪراﺳﺔ اﻟﻲ أن آﺴﺮ آﻤﻮن ﺑﺬور اﻟﻜﺎآﻤﻮت ﺗﺘﻢ ﺑﺴﻬﻮﻟﺔ ﺑﻄﺮﻳﻘﻴﺘﻴﻦ هﻤﺎ اﻟﻤﺎء اﻟﺤﺎر 
  .واﻟﺨﺪش ﺑﺎﻹﺑﺮة اﻟﻜﻬﺮﺑﺎﺋﻴﺔ
. او اﻟﺘﺮب اﻟﻠﻮﻣﻴﺔ( اﻟﺨﻠﻴﻂ)اﻟﻄﻴﻦ -ﻟﻤﺸﺘﻞ هﻲ اﻟﺮﻣﻞأﻓﻀﻞ اﻟﺘﺮب ﻟﺘﺄﺳﻴﺲ اﻟﺸﺘﻮل ﻓﻰ ا
اﻟﺒﺬور ﻣﻦ ﻣﻮاﻗﻊ ﻣﺨﺘﻠﻔﺔ ﻟﻬﺎ ﻣﻌﺪﻻت إﻧﺒﺎت و ﻧﻤﻮ ﻣﺨﺘﻠﻔﻴﻦ ﻣﻤﺎ ﻳﺪل ﻋﻠﻰ إﺧﺘﻼف اﻟﻤﺼﺎدر اﻟﻮراﺛﻴﺔ 
و رﺑﻤﺎ ﻳﺘﻢ  ًاﺗﺄﺳﻴﺲ ﺷﺠﺮة اﻟﻜﺎآﻤﻮت ﻓﻲ اﻟﺤﻘﻞ ﻟﻠﺒﻴﺌﺎت اﻟﺠﺎﻓﺔ ﻟﻠﺘﺮب اﻟﺮﻣﻠﻴﺔ ﻓﻘﻴﺮة ﺟﺪ. ﻟﻠﻨﻮع اﻟﺸﺠﺮي
  .و اﻟﻄﻴﻨﻴﺔ او اﻟﻠﻮﻣﻴﺔ ﻟﺘﺮب اﻟﺪﺑﺎﻟﻴﺔ اﻓﻰ  ﺟﻴﺪﻩﺗﺄﺳﻴﺴﻬﺎ ﺑﻄﺮﻳﻘﺔ 
ﻧﺴﺒﺔ ﻟﻨﺪرة اﻟﻤﻌﻠﻮﻣﺎت ﻋﻦ ﺷﺠﺮة اﻟﻜﺎآﻤﻮت، وﻣﻊ أﻧﻬﺎ ﻣﻦ اﻻﺷﺠﺎر اﻟﻤﻨﺘﺠﺔ ﻟﻠﺼﻤﻎ، ﻋﻠﻴﻪ اﺟﺮاء  
  .    ﻣﻦ اﻟﻌﻤﻞ اﻟﺒﺤﺜﻲ ﻓﻲ اﻟﻤﺸﺎﺟﺮ اﻟﻄﺒﻴﻌﻴﺔ و اﻟﻤﺴﺘﺰرﻋﺔ ًاﻣﺰﻳﺪ
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Chapter 1 
Introduction 
1.1 Introduction 
Natural forest cover is the true indicator of the health of the planet. The total 
world's forests cover is estimated as 4077 million hectares in the year 1990. 
It was reduced to 3953 million hectares by 2005 (FAO, 2005). The forest 
area in Africa is estimated as 635 million hectares, equivalent to 21 percent 
of the total land area, or about 0.7 hectares per person. The net loss of the 
forest remains alarmingly high at an estimate of 4.0 million hectares per 
annum between years 2000 and 2005. However, presently the rate of loss is 
decreasing when compared to the 1990s and now it is lower than previously 
assessed (FAO, 2005).  
Forests provide many important benefits: home to more than half of all 
species living on land; they also help slow global warming by storing and 
sequestering carbon; they are sources of wood products; they help regulate 
local and regional rainfall; and forests are crucial sources of food, medicine, 
clean drinking water, and immense recreational, aesthetic and spiritual 
benefits for millions of peoples. As globally important storehouses of 
carbon, forests play a critical role in influencing the earth's climate. Forest 
plants and soils affect the global carbon cycle by sequestering carbon 
 
 
2
dioxide through photosynthesis and releasing it through respiration. 
Although carbon uptake by photosynthesis declines eventually as trees age, 
many mature forests continue to sequester carbon in their soils (Schulze, et 
al 2000). 
Sudan is the vast country in Africa, with an area of approximately one 
million square miles (237.6 million hectares). It is entirely situated within 
the tropical zone between latitudes 40 and 220N and longitudes 220 and 360 E. 
The most salient geographic feature is the River Nile and Tributaries, which 
traverses the country from South to North (Hammad, 1998). Forests of the 
Sudan are estimated to cover about 18% (42.976 millions hectares) of the 
total area of the country. Natural forest refers to those that are any area of 
vegetation dominated by trees (FAO 1993a). Natural forest of Northern 
Sudan covers 8% of the forest area (FNC 1997). There is no-up to date 
available records on the area of the natural forest in Southern Sudan, but the 
World Bank (1986) has given an estimation of 65% of the total natural forest 
in Sudan. Mustafa (1997) has reported that about 37% of the natural forest is 
in the dry region; 27% of this proportion is on the clay plain, the vast stretch 
of the flat land extending over the eastern and central parts of the country 
and covers approximately 421000 Km2. The forest types in the Sudan range 
from the savannah woodlands in the North to gallery forests in the 
 
 
3
mountains and Southern parts. Forests play an important role in the welfare 
of the Sudanese population and in conserving and protecting the 
environment of the country (FNC, 1995). 
Sustainable management of natural forest reserves and forests outside the 
reserves, in the Sudan, is conceived as a strategic approach to facilitate 
fulfillment of the national objectives including self sufficiency in forest 
products beside combating desert encroachment, improving agricultural 
productivity, reserving the declining trends of the natural systems and 
contributing to carbon sinks. However, Natural forest reserves are not put 
under proper management prescriptions other than protection and patrolling 
exercised by forest guards. Because of the management and the difficulty of 
protection, natural forests are continuously mined for forest products or for 
agricultural practices (Elsidig 1999). At present vast areas are completely 
bare of forest cover except for isolated scattered natural forest reserves and 
the remaining under stocked natural forests outside the reserves. Rural 
people living around these forests are dependant on them in spite of the 
preventive measures exercised by the authorities. 
The recent Global Forest Resource Assessment (FRA, 2005) report showed 
that 28.4% (67.546 million ha) of Sudan is forested. The change in forest 
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cover between 1990 and 2000 was averaged to 589 000 hectares of forest 
area per year, which amounts to an average annual deforestation rate of 
0.77%. Measuring the total rate of habitat conversion (defined as change in 
forest area plus change in woodland area minus net plantation expansion) for 
the 1990-2005 interval, Sudan lost 11.6% of its forest and woodland habitat. 
According to SCSB (2001) there are 112 plant species of which 91 species 
are endangered and three species almost extinct in the semi-arid area. 
The commercial gum producing species in the Sudan are Acacia senegal, A. 
seyal, A. polycantha, A. radiana, Baswellia papylifera and Striculia 
setigera. A. senegal and A. seyal contribute annually about 17100 tons of 
gum Arabic in Sudan (FAO, 1995). In spite of its importance and wide 
spread distribution, A. polycantha has not been profoundly studied and there 
is lack of information on the tree regeneration both in the nursery and in the 
field. Gum produced from A. polycantha is quantitatively and qualitatively 
important and has good characteristics and high demand, which will in turn 
contribute to increase the income of local producers. Its pods and foliage are 
used as fodder for animals. The tree grows well a wide range of soil types 
and terrain like: clay soils in plains; alluvial soils along river banks and 
detritus rocky areas on hills. 
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1.2 Objectives 
The study aims to investigate the suitable methods for treating and breaking 
the seed dormancy of A. polycantha seeds and raising the species in the 
nursery and in the field. The specific objectives of the study include: 1/ 
Assessment of the germination potential of A. polycantha seeds subjected to 
different pretreatments tests; 2/ Assessment of growth performance of the 
seedlings of this species under nursery conditions, and in different soil type; 
3/ Assessment of the germination potential of seeds of this species under 
field conditions; 4/ Assessment of seedlings establishment from direct seed 
sowing and seedlings transplantation of this species under field conditions. 
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Chapter 2 
Literature Review 
 
2.1 Forest tree nursery 
A forest tree nursery is an area of earth or plot designed and prepared to 
produce and to raise various kinds of forest tree seedlings for multipurpose 
uses by many methods (sexual and asexual propagation). The aim is to 
produce large amounts and good quality seedlings in limited area (Al Refai, 
1996; Amin and Ala Aldin 2005; Goda, 2002). They are divided according 
to the dimensions of the surface area into small (surface area not exceeding 3 
ha); medium (surface area 3-20 ha) and big (surface area ›20 ha) (Al Refai, 
1996). Or according to the permanency into: temporary and permanent forest 
nurseries. Small nurseries have small productive capacity not exceed 1000 
seedlings per year. They have small area not exceeding 3 hectares and are 
located near or within the planting site; they target to produce forest 
seedlings for a few years, mostly less than five years for specific plantation 
programs. Little work is required for site preparation but and adequate water 
supply is essential, if possible by gravitation, and only temporary buildings 
need be established. These nurseries are moved or shut after ending the site 
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afforestation program. Permanent forest nurseries are big nurseries 
established to supply seedlings to wide afforestation projects which extend 
for long periods. These nurseries contain huge foundations as permanent 
buildings, stores, irrigation installations and roads. Their productive capacity 
is not less than one million seedlings per year. Hence these kinds of 
nurseries need big capital investment and qualified personnel (Al Refai, 
1996; Evans, 1982; Leloup, 1955; Amin and Ala Aldin, 2005; Goda, 2002). 
Forest tree nurseries may further be divided according to the specialization 
into: 1/ mixed forest nurseries where various species of plants (broadleaved 
or conifers) are propagated and reared; 2/ specialized nurseries where only 
one species is propagated and reared at one time (AL-Hosen and Majid- 
Agha, 1994). 
The first consideration in establishing a nursery (whether a temporary or a 
permanent one) is the selection of its location. A nursery should be located 
in or at least near the area to be planted. The ideal nursery site should be 
level, flat and free from stones. In mountain areas, leveled surfaces may be 
prepared by terracing and by removing the stones, which may be used for 
holding the terraces. A slight slope, preferably in 0ne direction with eastern 
or northern exposures should be chosen; western and southern exposures 
should be avoided, as such sites are excessively hot in the afternoon hours. 
 
 
8
The site should be well protected against wind. However basins enclosed 
between hills should be avoided, as they may be subject to frost. Sites where 
excessive moisture in winter rains accumulates should be discarded, unless 
an adequate drainage system can be installed. The soil in the nursery should 
be a sandy loam of light or medium texture, easy to work, with good 
drainage properties. Run-off form irrigation or rain should be controlled. In 
normal afforestation works, the soil of the nursery serves only as a platform 
to support the pots and containers which are filled with soil brought from 
nearby areas. As a rule this container-mix soil should be as similar as 
possible to that of the area to be planted (Glesinger, 1959; Lelouop, 1955; 
Landis et al; 1992; 1914b; Amin and Ala Aldin, 2005). Evans (1992) 
reminded that for sound nursery management that, there must be good 
access to and within a nursery at all times; local topography is important and 
ideally the site should be gently sloped (1 to 30) to allow rainwater to run off 
but not causing erosion. Nursery size is mainly determined by three factors 
(Leloup, 1955; Evans, 1982; Glesinger, 1959; Al Refai, 1996): 1/ level of 
annual plant production 2/ method of raising the seedling 3/ nursery life of 
seedlings. A system of roads should be arranged so as to allow trucks and 
tractors to reach every corner of the nursery when bringing soil or removing 
seedlings for transportation. Wherever possible every field should be 
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rectangular. The irrigation system should be carefully planned; it may be by 
gravitation in open ditches or channels with a complete system of main and 
secondary lines covering the whole nursery. Overhead irrigation by 
sprinklers offers a convenient method of irrigating large fields with the 
minimum of labor (Glesinger, 1959). 
The selection of growing media is one of the most important decisions in the 
culture of seedlings. The physical, chemical and biological characteristics of 
the growing media affect seedlings growth and other aspects of nursery 
operations as well (Landis, 1990). The purposes of media are to physically 
support the plant and to supply adequate oxygen, water and nutrient for 
proper root functions (Ingram et al, 2003; Pasian, 2001). The ideal medium 
should have the following properties: it must be porous, sterile, light 
weighted, holds sufficient water, consistent in quality and supplies of 
necessary mineral nutrients, and it should be free of disease organisms, 
insects, weed seeds and poisonous products (Ingram, 2003; Hince, 1999). 
The most important propagation media are: 1/ soils: generally the good soil 
is the one with particle fractions of 40-50% sand, 20-25% clay and 30-35% 
silt. Heavy clay soils ought to be mixed with sand before being used. In 
some cases the soil may need to be sterilized to eliminate diseases and weed 
seeds; 2/ Sand: it is very frequently used as growing media. However 
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seedlings raised in such media need frequent watering for fear of 
dehydration and also need addition of fertilizers for the media are 
intrinsically poor in nutrients. In Sudan, the media most commonly used are 
sand, river alluvium and a mixture of sand and clay (a mixture of 1:1 by 
volume). Soil mixtures with different organic residues and compost are 
getting used recently; and some soil (phytolith) from under big trees are used 
to fill nursery containers in regions where there is no river silt (Hammad, 
2007). 
Seedling propagation in the nursery is carried out rather through seed sowing 
or vegetative method. Seed propagation by sowing is the most common 
means of producing seedlings. This method has many advantages: plants 
grown from seed are inexpensive; seed propagation is simpler and easier 
than vegetative propagation; plants grown from seeds often grow faster than 
those produced from cutting and seeds handling is easier than handling 
vegetative material or whole plants. Four major ways are used to produce 
plants from seeds: 1/ direct seedling where seeds can be sown directly into 
seedbeds. Some seeds need pre-sowing treatment as chilling or stratification, 
which consists of keeping seeds under a cool moist environment for 
specified period of time; 2/ planting germinates, here seeds are pre-
germinated and germinates are sown directly in the seedbeds. This technique 
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is particularly helpful with seeds that require long or variable cold moist 
stratification treatments; seeds from large-seeded species and seeds from lots 
of variable quality; 3/ transplanting emergents: this method involves 
growing seedlings to the primary leaf stage and transplanting them into 
seedbeds. Transplanting emergents works best for seeds that have complex 
dormancy, are small in size or come from lots of variable quality. 
Transplantings are more expensive to produce than seedling but the 
expenses can usually be justified under the new reforestation regulation that 
mandates quick establishment and growth. Vegetative propagation is an 
asexual reproduction of plants and it permits to produce plants that have 
exact genetic characteristics of their parents. Many methods and techniques 
are used to propagate plants (Fretz et al. 1979; Hartmann and Kester, 1983; 
Ingram, 2004; Al Refai, 1996): 1/ cutting: it is a portion taken form either 
stems, leafs or roots from a parent plant which, when placed under favorable 
environmental conditions can form  roots and/ or shoots, resulting in a 
progeny identical to the parent; 2/ Layering: layering involves forcing a part 
of the stem to form adventitious roots while still attached to the parent plant. 
The method has several biological advantages and it is especially valuable 
when propagating threatened and endangered plants because there is little 
risk to the donor; 3/ Tip layering: this traditional technique consists of 
 
 
12
bending a side shoot or branch over until it can be held in place and covered 
with growing medium or mulch. Rooting of the buried section is naturally 
stimulated by the interruption of the normal basipetal translocation of 
photosynthate that accumulates near the bend and by the exclusion of light. 
Cultural procedures that encourage rooting in stem cutting, such as the use 
of hormones and wounding also hasten the formation of roots in the buried 
stem section (Hartmann et al, 1997); 4/ Mound layering: this method 
involves inducing roots to form on stern or root sprout. Mound layering 
consists of planting a rooting cutting and allowing it to become established. 
Before growth starts the following spring, the top of the shoot is severed just 
above the ground line, stimulating new sprouts to from. When the sprouts 
reach 8 to 13 cm long, sawdust or soil is mounded over them and they are 
kept moist until the end of the season. By the time roots have formed on the 
sprout, they are then cut off as close as possible to the base and used as 
rooted cuttings (Hartmann et al, 1997; Grener, 1958); 5/ Serpentine layering 
or the intermittent burying of long shoots; 6/ Air layering: basically it 
consists of producing a plant from aerial branches which remain in position 
while rooting; 7/ Suckers: they are plants which arise from the horizontal 
position up to the soil surface. Suckering is an important method to 
propagate some plants. Suckers can be further stimulated by top severe 
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pruning for dormant buds (Al Refai, 1996); 8/ Grafting: it is propagating 
plants that are difficult to establishment and involves joining two genetically 
distinct plants so that they unite to continue growth as a single plant. This 
method is rarely used in forestry. The bud shield and the seedling heal 
together then the bud of the desired variety grows to produce the new tree, 
which is genetically like the parent tree from which the bud was taken and 
which produces fruit true to the variety inserted into a limb or trunk of a 
seedling tree (Garner, 1958); 9/ Micro propagation (Tissue culture): it is a 
special type of asexual propagation where a very small piece of tissue (shoot 
apex, leaf section or even an individual cell) is excised (cut-out) and placed 
in sterile (aseptic) culture in a test tube, Petri dish or tissue culture 
containing a special culture medium (Al Refai, 1996; Graner, 1958). The 
demand for greenery and beautification is increasing all over the world in 
accordance with the development of urban and suburban areas. This 
demands huge quantity of diversified quality planting materials, growing 
medium and plant containers. Moreover with the introduction of indoor and 
miniature gardens, different types of containers are essential for the proper 
growth of the plants. Root restriction is an inherent problem with container 
grown trees (Arnold, 1996). Plants grown in standard plastic containers for 
too long often have deformed roots that are kinked or grow along the sides 
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or bottom of the root ball. Results from literature (Nanhorya et al., 1999) 
revealed that tree seedlings raised in poly bags were taller than those from 
root trainers; probably because many of the poly bags grown seedlings had 
rooted in the nursery soil and so they were accessing additional resources 
not available to the root trainer-grown seedlings. Although this provided 
additional resources to seedlings in bags, it also resulted in severing of roots 
during transplanting to the field. This greater transplanting stress to the poly 
bags-grown seedlings compared to the root trainer-grown seedlings could 
adversely affect their transplant survival and growth. 
Before sowing the viability of the seed stock must be tested by a chemical or 
germination test; this procedure economizes the amount of seeds to be used 
for sowing and save much of the efforts incase there was a germination 
failure. Hard coated seeds are pretreated to break dormancy. Many methods 
are used for treating the seeds, they include: soaking in cold or hot water; 
corroding by acids (H2SO4); scarification by Knifes; itching by electrical 
burning …etc. Sowing is one of the most important operations carried out in 
the nursery. Its success or failure may decide whether the nursery will be 
able to supply the required number of plants and whether the afforestation 
programs envisaged will be carried out. Therefore, well prepared seed beds 
are of the utmost importance to the entire work of nursery. Seeds of the same 
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species should not be sown at the same time, but at intervals of about a 
week, in order to avoid losses from sudden downpours, and in order to 
ensure a steady supply of seedlings for transplanting (Evans, 1982). Newly 
sown seeds should be inspected to determine if germination is occurring 
normally and to protect seeds from predation by insects, worms and birds. 
Seeds are sown in nursery beds either by broadcasting, in drilling or 
dibbling. Very small seeds are mixed with one or two times their volume of 
fine soil, and are very commonly broadcast rather thickly over the entire 
surface of the seedbed and covered with a thin layer of fine soil, clean sand, 
wood ash or leaf mould. Small seeds are sown in drills ½ to 1 inch apart, or 
touching one another when germination percentage is low or quality of seed 
poor, but when it is intended to prick out young plants in the nursery lines, 
seeds are sown broadcast, evenly spread over the bed and lightly covered 
with soil. Large seeds are either sown individually in drills or they are 
dibbled at even depth in well-spaced holes made in lines, and are properly 
covered with soil. The depth of soil over the seeds varies with the seed size; 
generally the upper surface of the seedbed is kept at a depth equal to the 
minimum diameter of the seed but in light soil the covering should be rather 
thicker. After sowing, the soil of the bed should be consolidated lightly with 
a light wooden roller (Glesinger, 1959). Seedbeds must be kept moist not 
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wet. Do not water at a fixed time each day. Water when the plants need it. 
Small seedlings require less amount of water. Large seedlings require more 
water more often. Seedlings require more water more often on windy day 
and sunny days. Water less often when seedlings are kept in shade. The 
moss and algae growth is an indication of excess watering. Always use clean 
water; dirty water may cause disease problems. Over-watering results into 
weak plants and causes diseases such as root-rot and damping-off of 
seedlings. Water mother beds thoroughly before transplanting the seedlings. 
Always use some tools (bamboo-sticks, etc.) to loosen the soil before pulling 
out seedlings from the beds. Make a deep and wide hole in the polythene bag 
or container for transplanting the seedlings. Hold seedlings at the base of the 
stem and pull them out gently from the mother beds. Never bend the roots 
and do not force the seedlings to fit into the hole. Keep transplanted 
seedlings under proper shade until they have recovered. In a nursery, 
seedlings are kept under ideal conditions therefore, hardening is essential to 
make them strong enough to tolerate the harsh conditions of the field or 
planting site. Seedlings ought to be exposed to open air about one month 
before the date of planting (Beniwal and Dhawan, 1991). 
The demand for greenery and beautification is increasing all over the world 
in accordance with the development of urban and suburban areas. This 
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demands huge quantity of diversified quality planting materials, growing 
medium and the plant containers. Moreover with the introduction of indoor 
and miniature gardens, different types of containers are essential for the 
proper growth of the plants. Root restriction is an inherent problem with 
container grown trees (Arnold, 1996). Plants grown in standard plastic 
containers for too long often have deformed roots that are kinked or grow 
along the sides or bottom of the root ball. Results from utilization of 
traditional containers (Nanhoyra et al., 1999) revealed that tree seedlings 
raised in poly bags were taller than those from root trainers; probably 
because many of the poly bag-grown seedlings had rooted in the nursery soil 
and so they were accessing additional resources not available to the root 
trainer-grown seedlings. Although this provided additional resources to 
seedlings in bags, it also resulted in severing of roots during transplanting to 
the field. This greater transplanting stress to the poly bag-grown seedlings 
compared to the root trainer-grown seedlings could adversely affect their 
transplant survival and growth. 
Acacia trees belong to sub-family Mimosoidae within the family 
leguminocae. Because of the wide distribution of acacias in the arid lands, 
and their multiple uses that include wood, fodder, fuel, medicine besides the 
environmental values of N2-fixation and soil fertility, a lot of researches 
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have been carried out on their silvicultural performance. Acacia seedlings 
form special browse to mammals and invertebrates. 
Acacia species have great values in arid and semi arid regions where they 
are well-known trees due to their adaptation to different climatic conditions. 
Therefore, acacia species are widely distributed through out the drier 
tropical and subtropical regions. They have been called the most successful 
survivors in arid and semiarid regions, and possess most of the features 
required to withstand severe climatic conditions. However, the successful 
establishment of acacia species in their native regions may not be easily so 
when they are planted outside these regions. Planting an acacia species in 
any region requires preceding tests for its adaptation to the prevailing 
environmental conditions in that region. Some acacia species are widely 
spread in Sudan and their communities represent the climax stage of 
xerophytic vegetation and generally have high cover and low species 
diversity. A. polycantha is one of these species subjected to study. 
2.2 General knowledge about A. polycantha 
Family: Leguminoseae; subfamily: Mimosoideae, synonym: Mimosaceae. 
Latin name: Acacia polycantha Willd., subspecies: compylacantha (Hochst. 
ex Rich.) Brenan. 
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Common synonym (s): Acacia campylacantha Hochst. ex A. Rich.; Acacia 
caffra Willd. var campylacantha Aubrev.; Acacia catechu, subspecies suma 
(Benth.) Robert. 
English name: Falcons claw acacia; White-stem thorn. 
Arabic name: Kakamut; Um siniena. 
Brief description: the white-stem thorn is a large erect tree that grows to an 
average height of 10-15 m; exceptionally large trees may reach a height of 
25 m. The stem of younger trees appears yellowish with papery bark and 
persisting prickles. As it gets older, the bark gets smoother and whitish grey, 
with bark flakes sometimes present. Young branches are covered in silvery 
hairs and the whole tree is covered in dark brown to black hooked thorns in 
pairs. The leaves are twice compound with 14-35 pairs of pinnae and 20-60 
leaflets per pinnae. Leaves are fairly large and arranged singly along the 
shoots. The upper surface of the leaves is darker than the underside, and 
mostly with hairs on the margins and on the leaf stalk. The flowers that 
appear from September to December occur in pair or three spicate racemes 
from the leaf axils and are light yellow to cream. The flowers as well as the 
seedpods are borne in spikes, which arise from the nodes. They can appear 
singly or in clusters of up to four and are sweetly scented (Goates et al, 
2002; El amin, 1990; Vogt, 1995). Fruits consist of pods up to 15 cm long 
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which each contains 5-9 seeds; it is estimated that there are about 12 to 16 
thousand seeds/kg. 
Distribution: all the African material of A. polyacantha is placed in the 
subspecies campylacantha. The tree often grows in the moist, subtropical 
bush-veld of Africa, usually in alluvial soils near rivers. It is widespread in 
tropical Africa, occurring from Gambia to Ethiopia and southwards to Kenya 
and Zimbabwe; it has a limited distribution in South Africa, being found 
only in Limpopo; some specimens can be found in the Kruger National Park, 
in the Punda Maria and Pafuri areas. The typical subspecies is known only 
from India and Sri Lanka in Asia (Mhalonishwa, 2005). In Sudan, there are 
several regional varieties which usually occur along rivers and valleys where 
the water table is fairly high, and the soils are good.  
Physical requirements: Altitude: 200-1 800 m above sea level; Soil type: 
alluvial soils with a good mix of clay and sand. Occasionally found on stony 
slopes and compacted soils (Vogt 1995); Rainfall: 300-1000 mm, where 
there is low rainfall plants are found in sites with a high water table; 
temperature: tolerates cool and hot temperatures, tolerance to frost is 
unknown. 
Propagation: Information about the regeneration and propagation of A. 
polyacantha are very scanty although the species is very important in terms 
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of presence as part of natural forest in the savanna, and products and 
services rendered. A. polyacantha tree can be propagated from seeds, which 
may be immersed in boiling water and soaked overnight to soften the hard 
outer seed coat. They may then be sown in well-drained, sifted potting soil 
and placed in a warm place until they germinate. Germination may take 
between 1 and 4 weeks. The seedlings may be pricked out at the two-leaf 
stage or left until they are larger and more established. Care should be taken 
not to damage the delicate root system. They may then be planted in 
individual containers and kept in full sun or dappled shade and watered well. 
Saplings may be ready to be planted out after two to four years, depending 
on the size required.  
Utilization and benefits: A. polyacantha wood is resinous and termite 
resistant. Although difficult to work, once sawn gives a good polish. It is 
mainly used for fence posts,farm implements, railway sleepers, beams and 
rafters. Fuel wood and and charcoal from this species are of good quality. 
The tree yields high quality gum comparable to the gum Arabic; it is edible 
and normally used in confectionery, and as adhesive in the treatment of 
textile fibers. The tree can harbor butterfly larvae, Anthene crawshayi 
crawshayi (Smit, 1999), which is used as food in many parts of Africa. The 
leaves and pods are browsed by animals and like many other acacias 
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constitute a valuable fodder supplement, particularly in the dry season. The 
bark and pods contain tannins, and the heart wood chips are used for tanning 
and dying. Wood ash is alkaline and can be used as substitute for salt. The 
roots and bark can also be used for making ropes. The roots and possibly the 
bark are used for medicinal treatments, like a general health tonic, antidote 
for snakebite, cure for venereal diseases and stomach disorders. The tree has 
many magical and ritual purposes. It is placed among the rafters of the house 
to repel snakes. In rural areas, the root is placed on crossing areas in the 
rivers to ward off crocodiles. Root infusion is used to bathe children who are 
restless at night. 
This is a beautiful tree and can be used for amenity and shade in parks and 
streets, planted alone or arranged with other species; it can also be used for 
windbreaks and shelter belts in gardens and farms (Lotter et al, 2002). The 
tree can well serve for a groforestry purposes, especially that it does not has 
a dense crown to shade the crops and beside being a legume can add 
valuable N and other nutrients to soil and crops. 
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Chapter 3 
Materials and Methods 
3.1 Site 
The experiment was conducted in the nursery of Gum Arabic Research 
Center, University of Kordofan at El Obeid town, Northern Kordofan State. 
The State of North Kordofan lies within the semi-arid climate where the 
rainfall is low and intermittent. The annual rainfall, which falls mainly 
between May and October, ranges between 200 and 400 mm (Kevie, 1973), 
and it is characterized by very erratic patterns of fall both annually and inter-
annually. The mean relative humidity ranges between 21% in the dry season 
and 75% during the rainy season. Average mean temperature is about 350 C; 
but the area experiences long hot summers (April-July) and short cool 
winters (December-February). The extreme minimum and maximum air 
temperatures ever recorded in the area are 100 C in January and 460 C in 
May, respectively. Wind speed is usually about 8 Km hr-1 (Eldukheiry, 
1997), but violent dust tempests sweep the area frequently through out the 
year. 
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3.2 Materials 
Seeds of Acacia polycantha were collected from three regions: Southern 
Kordofan, Blue Nile and Southern Dar Fur States. Soils as nursery potting 
fills constituted of a sandy soil brought from a stabilized dune at the 
Experimental Farm of the University of Kordofan and a clay soil from Elain 
Basin. These two fractions were mixed together to make a third soil type. 
Containers for nursery stock raising consisted of black polythene tubes with 
dimensions of 20X30 cm, flat, bought from the local market. For seed 
pretreatment an analytical grade sulfuric acid with concentrations of 25% 
and 50% was acquired from the Laboratory of Gum Arabic Research Center; 
also a device of electrical needle scratcher was used for this purpose. 
3.3 Nursery experiments 
3.3.1 Seed germination test 
A polycantha seeds from the three areas were pretreated by the following 
methods: 1) untreated seeds as control; 2) soaking in 25% conc. H2SO4 for 
half an hour and then thorough washing and drying; 3) soaking in 50% conc. 
H2SO4 for half an hour and then thorough washing and drying; 5) soaking in 
cold water for overnight and drying; 6) dipping in boiling water for five 
minutes and drying; 7) scratching by an electrical needle device for ten 
minutes. 
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The pretreated seeds were sown in Petri-dishes and directly in the soil types 
(sandy, clay soils and their mixture). Ten seeds from each area and 
pretreatment were germinated in the Petri-dishes and watered. Number of 
days of seedling emergence was recorded for one month. Then the 
germination percentage was calculated.  
3.3.2. Nursery stock raising and monitoring of A. polycantha seedlings 
Three treated and untreated seeds were sown directly in the soil types at a 
depth of 3 cm and lightly covered by fine sand. The containers of different 
media were arranged in a way to avoid contamination by irrigation. 
Watering was applied daily for the fist two months by overhead spreading 
by a container equipped with douche. Nursery operations (weeding, singling, 
root cutting) were carried out as routinely done. Growth and development of 
the seedlings were assessed from June to August 2007 (the reading was 
recorded every two weeks). Parameters measured were: 1) seedling shoot 
length (cm); 2) number of leaves; 3) seedling root length (cm); 4) seedling 
weight (g) (fresh and dry weights of shoot and root); 5) seedling diameter at 
root collar (cm); 6) general features of the seedlings  
growth status, including color, infections and diseases and; 7) foliage 
analysis for N P K, and organic carbon. 
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3.4 Field establishment of A. polycantha 
During the rainy season of the year 2007, field soils, in the Experimental 
Farm of the University of Kordofan, were described and sampled. Then, 
plots were prepared by cleaning the debris, leveling the ground and digging 
pits; no plough was needed for the soils were loose stabilized sand dunes. 
Plots were demarcated in two different parcels, one for direct seed sowing 
and the other for seedlings transplantation. In both cases, the plot size was 
10 x 25 m and replicated for three times. Direct seed sowing was done in 
pits disposed in rows at spacing of 2 x 2 m. Three seeds from localities of 
South Kordofan and Blue Nile were sown in the holes and recovered; seed 
from South Dar Fur were excluded, for they failed to germinate in the 
nursery. In addition, seedlings raised in the nursery were transplanted in pits, 
in the same design as for the direct seed sowing. Silvicultural operations 
(weeding, beating-up.etc) was routinely executed. Irrigation supplement was 
applied as climatic conditions dictated. The parameters monitored were: 1) 
Seedling survival percentage;3) Seedling length;4) root collar diameter; 5) 
Number of branch lets; 6) General features of the seedlings growth status 
(color, infections and diseases). 
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3.5. Laboratory determinations 
3.5.1 Soil analysis 
Both field and nursery soils were analyzed in the laboratory of Elobeid 
Agricultural Research Station. Soil samples were air dried and sieved 
through a 2 mm mesh. Then the following parameters were determined: 1) 
Particle size distribution was obtained using the modified hydrometer 
method (Day, 1965); 2) Bulk density was determined by cylinder method; 3) 
pH was measured by a pH meter (equipped with a combined electrode) in a 
soil paste (soil/water = 1:5); 4) Electrical conductivity (E.C) was measured 
by an E.C meter; 5) Exchangeable Ca, Mg, K, Na were extracted by using 
0.05N HCl + 0.025N H2SO4 and analyzed by atomic absorption; 6) Cation 
exchange capacity (CEC) was obtained by summation of exchangeable 
cations; 7) Nitrogen was determined by macro kjeldhal method (Pearson, 
1970); 8) Phosphorus was determined by spectrophotometer using NaHCO3 
method (Chapman and Pratt, 1961); 9) Organic carbon was determined by 
Walkley and Black (1934) method and the organic matter equaled: organic 
carbon x 1.72. 
 
 
 
 
 
28
3.5.2 Foliage analysis 
Composite samples of A. polycantha seedlings foliage were made by 
categories of soil types (sand, clay and mixture) and area of seed sources 
(South Kordofan and Blue Nile). The samples were oven dried at 60°C for 
72 hours and were ground into powder. Ground samples were used to 
determine the following, after ashing and dissolution in conc. HCl: 1) 
Nitrogen was determined by micro Kjeldahl method (Pearson, 1970); 2) 
Phosphorus was measured using spectrophotometer (Pearson 1970); 3) 
Potassium was determined by flame photometer. 
3.6 Data analysis 
Temporal seedlings growth measurements were presented in graphic forms. 
Final seedlings growth monitoring data were statistically analyzed for 
analysis of variance (ANOVA) by SAS program (1990) in a PC computer 
and means were separated by Duncan Multiple Range Test and results were 
presented in tabulated forms. 
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Chapter 4 
Results and Discuss 
4.1 Characterization of the soils 
Soils of the study area were described and characterized by Nimer (2000) 
and Eltahir (2006). The features of a typical soil profile are as following: A1 
Horizon: 0-10cm deep; yellowish red (5YR 5/6) dry and yellowish red (5YR 
4/6) moist; sandy loam textured; weak fine blocky structured; few fine 
pores; few roots; non-calcareous. B Horizon: 10-150cm deep; yellowish red 
(5YR 5/8) dry and yellowish red (5YR 4/6) moist; sandy; massive structure; 
few medium pores; few medium roots; non-calcareous.  
The soils were classified as cambisols according to Soil Survey (1975) of 
USDA. They are deep and divided into two layers according to their color. 
Their color is dominantly “bright” yellowish red with the absence of somber 
hues which indicate poor organic matter content and predominance of iron 
oxides in it. The texture is loamy sand, in which sand percentage is about 
88% and both silt and clay particles arise only to about 10% throughout the 
profile (Table 1). They are poorly structured, with weak fine blocky units in 
the surface and particulate massive formation in the sub surface layers. The 
bulk density is around 1.5 g/cm3, which is rather a high value and indeed 
calculated porosity is only about 40% in this sandy soil. This may be 
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attributed to compaction of the soil, especially in the surface layers. Soil 
compaction in this case, may be due to surface abrasion by sweeping winds, 
precipitation of oxyhydroxides of iron that cement soil particles. Also, 
subjection of the land to intensive and prolonged cultivation may induce 
surface crust formation. This later incidence agrees with the findings of 
Lindistorm and Onstad (1984) who observed that rattooning of corn plant 
had increased soil bulk density at the upper layers. 
The soil reaction is neutral, as indicated by pH readings which oscillate 
around the value 7. Values of electrical conductivity (E.C) and sodium 
absorption ratio (SAR) are very low, usually below unity. This implies that 
the soil is non-saline and non-sodic with reference to US Salinity Staff 
Manuel (1954) in which salinity and sodicity levels in soils were considered 
to be noxious to plant life at E.C and SAR greater than 4 ds/m and 15, 
respectively. Organic matter, nitrogen and phosphorus are evenly distributed 
in the profile. However, levels of their contents are very low, usually less 
than one percent. The surface layer of the soil contains slightly higher 
percentages of them except for the phosphorus. Low amounts of available 
phosphorus may be explained by the intrinsic poverty of the original 
substrate, precipitation with iron oxides and consumption by plants for 
which it constitutes a limiting growing factor (Sollarpour, 1985). In addition, 
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due to the meager vegetation density and cover of the area and dynamic of 
their returns in the soil, it is not surprising to observe such low levels of 
organic matter and associated elements, especially, nitrogen. The cation 
exchange capacity is about 2.7me/100g of soil in the surface layer and 
increases moderately in the subsoil (Table 1). 
The soils used as growing media in the nursery consisted of a sandy and a 
clay soils. The sandy soil was taken from the soils just described above.  
The clay soil was brought from Elain basin (located at 10 km southeast of El 
Obeid town). Alain soils is non cracking clay, locally called gardud, of hard 
surface, low water permeability and high run off (Mohammed and Suleiman, 
2008). It is classified as Alfisols of the USDA soil taxonomy (Soil Survey 
(1975). The “gardud” soils have major constrains which include soil 
compaction, crust formation and slow permeability. Such soil properties 
undoubtedly affect soil productivity.  Alfisols often possess a surface layer 
of a compact soil that inhibits root development and water perculation. The 
loamy sand texture of the top soil and predominance of kaolinite among the 
clay minerals make these soils chemically weak in reaction (Charrean, 
1977). The non-cracking top-soil becomes very hard when dry.  The sandy 
top soil is often removed by wind and hence the loamy sub-soil is exposed to 
the impact of rain drops which render them hard and solid (Doxiadis, 1966). 
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Dawoud (1978) indicated that the “gardud” soils have developed from 
colluvial material on slightly convex ridges or may develop in-situ from 
metamorphosed dykes on the clay plain. Abdalla (2007) concluded that, the 
gardud soils revealed to be non saline and non sodic, alkaline in reaction, 
with pH ranging between values 7.5 to 9.0, with rather high soil bulk 
densities. The soil texture is reflected in the low available water capacity 
(<15%), like other soils of arid and semi- arid regions. The gardud soil was 
characterized and described by Abdalla (2007) as followings (Table 2): A1 
horizon: 0-20 cm deep; Reddish brown (5 YR 4/4 ) moist to dark reddish 
brown (5YR 5/4) dry; Sandy  loam; Very weak coarse platy, loose dry, 
friable moist; Common very fine and fine pores; Non-calcareous matrix; 
Few very fine roots; Clear wavy boundary. B horizon: 20-50 cm deep; Dark 
reddish brown (5 YR 3/4) moist to yellowish red (5YR 4/6) dry; Sandy clay 
loam; Massive; Common very fine and few very coarse pores; Non-
calcareous matrix; Common very fine roots; Diffuse boundary. 
As shown in Table 2 above, the gardud soil contains about 12% silt and 22% 
clay. Sodium absorption ratio (SAR) is 0.39 dsm-1. Organic Carbon, 
Nitrogen, Potassium and Phosphorus are evenly distributed in the profile and 
are very low. These soils are non-saline and non-sodic with an electrical 
conductivity, ECe ≤ 4 dsm-1. This is probably related to the parent materials 
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which were presumably poor in bases. The soils are invariably alkaline in 
reaction with pH (1:5 soil: water) ranging from 7.5 to 9.0. Such high pH 
values are probably attributed to the presence of the bicarbonates which 
ranges from 1.5 to about 7.6 mel-1. The soil bulk densities are rather high 
(1.54 to 1.81gcm-3) which are associated with relatively low total porosity. 
The cation exchange capacity is about 2.1 me/100g of soil in the surface 
layer and decreases moderately in the subsoil. 
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4.2 Nursery stock raising of A. polycantha 
4.2.1 Germination of A. polycantha seeds 
When subjected to various pretreatments, seeds of A. polycantha had 
different germination rates. Seeds treated by electrical needle test gave the 
highest germination percentage (60%). Treatment with H25 gave the lowest 
values (20%), even 10% lesser than that of the control (Table 3). Boiling 
water treatment was almost as effective as electrical needle test in breaking 
the A. polycantha seed dormancy. Treatments with cold water and 50% 
conc. H2SO4 gave identical values of seed germination. Generally, location 
origin had little effect on A. polycantha seeds germination capacity for all 
the pretreatment tests, except for the control where seed germination rate 
from Blue Nile was twice stronger than that of South Kordofan area. It is 
worth to note that, seeds from south Darfur area failed to germination and 
thrive both in the nursery and the field; and thus were excluded form the 
study. 
It is obvious that, A. polycantha seeds have moderate germination power as 
their emergence percentage did not exceed 60% with the most effective seed 
dormancy-breakage methods (electrical needle and boiling water tests). On 
the other hand, many authors working with acacias and other leguminous 
seeds (Ama, 2002; Hammad, 2007) have found that electrical needle and 
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boiling water were among the most efficient tests for breaking the dormancy 
of these kinds of seeds. Sulfuric acid tests performance was moderate, 
particularly that of H25, this might be attributed to the short soaking time of 
seeds by this reagent which was not enough to allow thorough seed-coat 
corrosion. 
Table 3: Germination of A. polycantha seeds as affected by pretreatment 
tests  
Treatments: E.N: Electric Needle; B.W: Boiled Water; C.W: Cold Water; H50 and H25: H2SO4 
with 50% and 25% concentrations; CON: Control 
4.2.2 Temporal growth variation of A. polycantha seedlings as affected 
by soil types and seed sources 
4.2.2.1 Seedlings length of A. polycantha in soil type and seed sources 
A. polycantha seedlings lengths were monitored after a lapse of four weeks 
from germination as affected by both the soil type (sand, clay and mixture) 
and location of seed sources (Blue Nile and South Kordofan). Data shown 
on Figure 1 reveals that the mixture medium induced the highest seedling 
Site Pretreatment tests and corresponding seed 
germination (%) 
 E.N B.W C.W H50 H25 CON 
South Kordofan 60 50 33 44 20 20 
Blue Nile 60 60 50 40 20 40 
Mean 60 55 41.5 42 20 30 
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length followed by sand and the clay. The average weekly increments of the 
seedlings lengths were 5, 3 and 1.9 cm in the mixture, sand and clay, 
respectively. As from the third week on wards, seedlings length growth in 
the mixture proceeded with the same vigor, while there was a substantial 
increase in the clay and a moderate increase in the sand, with respective 
increments of 4, 3.6 and 1.3 cm. In the last week, average seedlings lengths 
in the mixture and clay were very close, while there was a notable difference 
with that in the sand medium. From the above mentioned results, it is 
obvious that A polycantha seedlings’ length growth in the best in the mixture 
followed by the clay and then the sand. 
The performance of seedlings lengths sown in the sand and as affected by 
the area, Blue Nile and South Kordofan, is shown in Figure 2a. During the 
first week, the Blue Nile seedlings growth was vigorous with an average 
length of 24.4 cm against only 8.9 cm for South Kordofan. In the second 
week the Blue Nile seedling length increased twice and continued with the 
same rate through the third week up to the last week. For South Kordofan, 
mean seedlings length increment was 2.2 cm, and it continued with a same 
rate until the last week. The results showed that there was a big difference in 
seedlings lengths between Blue Nile and South Kordofan origins, where 
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seedlings growth pattern was in parallel lines, and the mean length for Blue 
Nile origin went in the upper echelon line. 
For the development of seedlings growth in the clay, in the first reading the 
Blue Nile seedlings performance was the best; they recorded a mean length 
of 27 cm but those from South Kordofan origin recorded only 10 cm. The 
Blue Nile seedlings increment was successive 3.9, 4.2 and 6.2 cm in the 
second, third and last weeks. But South Kordofan seedlings increment was 
1.8, 3.1 and 2.2 cm in the second, third and last weeks, respectively. The 
South Kordofan seedlings in all the growth terms, did not reach the first 
length reading of Blue Nile seedlings. The result concluded that the Blue 
Nile seedlings increment was best when compared South Kordofan seedlings 
(Figure 2b).  
In the mixture, the Blue Nile seedlings length growth was the best (31.5 cm) 
when compared with South Kordofan seedlings length (10.1cm). The 
average weekly increment of Blue Nile seedlings in the second and third 
week was 6, 6.9 cm respectively; but the seedlings growth rate in the last 
week for Blue Nile was moderate only 3.1cm. Seedlings from Blue Nile 
reached the maximum growth increment in the third week and decreased to 
more than half in the last week, but those from South Kordofan seedlings 
grew with the same increment through out the monitoring period (Figure 
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2c). Even though, seedlings from the Blue Nile origin had the higher and 
stronger growth rate than those from South Kordofan origin. 
For the general comparison of A polycantha seedlings growth as affected by 
soil type and seed source, seedlings from South Kordofan source grew at 
very close rates in all the growing media and all along the monitoring 
period, and with moderate increments between the measuring intervals. 
However, seedlings of Blue Nile source showed a very different growth 
pattern (Figure 2d). Seedlings from this source had higher and stronger 
growth rates from those of South Kordofan in all the soil types and all along 
the follow up period. Within the media, seedlings from this source 
developed in the following pattern: mixture >> clay >sand.  
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Figure1: A. polycantha seedlings length growth in different soil types 
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Figure 2a: A. polycantha seedlings length growth as affected by seed 
source in the sand 
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Figure 2b: A. polycantha seedlings length growth as affected by seed 
source in the clay 
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Figure 2c: A. polycantha seedlings length growth as affected by seed 
source in the mixture  
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Figure 2d: Comparison of A. polycantha seedlings length growth 
performance as affected by soil type and seed source 
4.2.2.2 Number of leaves of A. polycantha seedlings as affected by soil 
type and seed source 
Seedlings in the mixture scored the highest number of leaves followed by 
those in the clay and the sand. This pattern was maintained up to the end of 
the monitoring period (Figure 3). Seedlings in the mixture and clay showed 
very close performance at parallel level, with those in the mixture having 
denser foliage. Seedlings in the sand had weaker foliage density at the 
begging, but as from the 2nd week on wards put on a lot of leaves which 
approached those in the mixture and clay. 
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Concerning the effect of source on the foliage of seedling raised in the sand , 
at the first counting seedlings of Blue Nile and South Kordofan had the same 
number of leaves. Later and through out the observation period seedlings of 
Blue Nile source produced slightly more leaves than those from South 
Kordofan (Figure 4a). This trend of leaves production persisted in the clay 
and mixture, i.e. Blue Nile seedlings had denser leaves than those of South 
Kordofan and developed almost in parallel lines in all the  and soil type 
through out the monitoring period (Figures 4b and 4c). Major exceptions 
were that, in the clay seedlings from the two origins had the same number of 
leaves which diverged in the subsequent weeks, while in mixture at right 
from the beginning of the observation Blue Nile seedlings had higher 
number of leaves than South Kordofan, which was maintained through out. 
As for the general comparison, seedlings of Blue Nile source in the mixture 
had the highest number of leaves and were quite distinct from the others 
(Figure 4d). In the other media and for the two sources, number of seedlings 
leaves was very close, except that later on, seedlings of South Kordofan in 
the clay and mixture produced more leaves than the other treatments. 
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Figure 3: Number of leaves of A. polycantha seedlings in soil type 
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Figure 4a: Number of leaves of A. polycantha seedlings in the sand and 
as affected by seed source 
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Figure 4b: Number of leaves of A. polycantha seedlings in the clay and 
as affected by seed source 
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Figure 4c: Number of leaves of A. polycantha seedlings in the mixture 
and as affected by seed source 
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Figure 4d: Comparison of A. polycantha seedlings number of  
Leaves in the different soil type and as affected by the seed source 
4.2.3 Final growth assessment of A. polycantha seedlings in different soil 
type 
The following results pertain to the last readings of seedlings growth 
parameters which were taken after four months from the sowing date in 
nursery; the measured parameters were seedling length, root length, shoot 
length/root length ratio, mid diameter, number of leaves, shoot weight, root 
weight, and shoot weight/root weight ratio. 
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For the seedling length growth in the various media experimented, seedlings 
length grown in the sand showed a significant difference (p ≤ 0.05) from 
those raised in the clay and mixture; while seedlings lengths in the clay and 
mixture were not significant between them (Table 4). The highest length was 
recorded for the mixture (42.8 cm) and the lowest value was recorded for the 
sand (34.1 cm). There was little difference between seedlings lengths in the 
mixture and the clay media, but the difference between mixture and sand 
reached to about 1.3 folds. 
For the root length, seedlings grown in the sand showed significant 
difference from those produced in the clay and mixture; while there was no 
significant difference between the two latter soil type. Seedlings in the sand 
gave the highest average root length (32.1 cm), and seedlings length in the 
clay and mixture were very close to each other. The difference of seedlings 
lengths between sand and the other media amounted to about 1.5 folds. The 
shoot/root length ratio between these seedlings stock followed the same 
trend as out lined above, i.e., there was a significant difference between sand 
seedlings and those of clay and mixture, but no significant difference 
between clay and mixture. The ratio in the sand was the lowest, while in the 
clay and mixture the ratios were almost identical. 
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For the diameter at root collar, there was no significant difference (p ≤ 0.05) 
between the seedlings in the growing media. However, seedlings in the sand 
gave the highest value of mid-diameter followed by those in clay and 
mixture. The difference in values of this parameter between sand and clay 
exceeded 1.3 folds and between sand and mixture exceeded 1.6 folds. 
For the number of leaves, there was a significant difference between 
seedlings raised in the mixture and the other two soil type. Seedlings of the 
mixture had denser foliage than those of clay and sand. 
For the shoot dry weight, a significant difference was recorded between 
seedlings of mixture and sand, while there was no difference between both 
mixture and clay, and clay and sand. Seedlings in the sand had the lowest 
shoot mass, and seedlings masses in mixture and clay were almost alike. 
For the root mass, there was a significant difference between seedlings of 
sand and the other media. Root mass of sand seedlings was twice greater 
than that of clay and mixture. Also, for the shoot/root weight ratio, seedlings 
of sand were significantly different from the respective ratios of seedlings of 
the other. While, ratios of seedlings of clay and mixture did not differ 
significantly. The weight ratio of seedlings in the sand was far greater lower 
than that of seedlings of clay and mixture media; this difference exceeded 
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3.7 folds. On the other hand, shoot/root weight ratio of seedlings of clay and 
mixture were identical. 
Results of effects of seed source on A. polycantha seedlings growth 
development are presented in (Table 5). These results were computed by 
combining all the growing media for the same seed source. For the seedling 
length there was a significant difference between seedling length of Blue 
Nile and South Kordofan origins. Blue Nile seedlings length was higher than 
those of South Kordofan by a difference of 4.1 cm. Like wise a significant 
difference was obtained between the seedlings root length of the two areas; 
here the South Kordofan seedlings developed longer root lengths by a 
difference of 3.4 cm on average. The shoot/root length ratios of the seedlings 
of the two locations were 1.8 and 1.4 for Blue Nile and South Kordofan, 
respectively. The comparison between seedlings of Blue Nile and South 
Kordofan origins revealed that there was no significant difference 
concerning the diameter at root collar and the number of leaves. Besides, the 
values of these parameters were very close for the two categories of 
seedlings. For the shoot and root dry weights, a significant difference was 
found between the seedlings of the two sources. South Kordofan seedlings 
had higher shoot and root weights than those of Blue Nile; the respective 
difference of magnitude in the mass values of these parameters was 0.7 and 
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0.8 g. No significant difference was detected between the seedlings of the 
two origins concerning their shoot/root weight ratios. This ratio was higher 
for Blue Nile seedlings than those of South Kordofan; by a difference of 0.6. 
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4.2.4 Nutrient assessment of A. polycantha seedlings 
Average nutrient concentrations in the foliage of A. polycantha seedlings, 
without taking into consideration of the soil type, were: 0.35 ppm N; 0.28 
ppm P; 1.42 ppm K and 43.3me/100 g C. The statistical analysis has 
revealed that N and P did not differ significantly between the different soil 
type, while K and organic carbon have varied significantly in the clay 
medium from the sand and mixture (Table 6); nutrient contents in seedlings 
of sand and mixture did not vary significantly between them. No definite 
trend could be outlined concerning the highest contents of individual mineral 
elements in seedlings grown in the different media; highest N was found in 
seedlings of sand medium, highest P in seedlings of clay, highest K in 
seedlings of clay medium and highest organic carbon in seedlings of 
mixture . 
Seed source did not produced significant effects on seedlings nutrient 
content. However, the studied nutrient elements contents were slightly 
higher in the seedlings from Blue Nile than in those of South Kordofan 
origin (Table 7). 
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Table 6: Nutrient concentrations in the foliage of A. polycantha 
seedlings as affected by soil types  
Soil type Nitrogen 
(ppm) 
Phosphorous 
(ppm) 
Potassium 
(ppm) 
Organic carbon 
(%) 
Sand 0.40a 0.28a 1.40a 47.5a 
Clay 0.33a 0.32a 1.59b 33.0b 
Mixture 0.33a 0.23a 1.27a 49.5a 
Mean 0.35 0.28 1.42 43.3 
Values in the column with different letter are significantly different at p ≤ 0.05  
Table 7: Nutrient concentrations in the foliage of A. polycantha 
seedlings as affected by seed source area 
Values in the column with different letter are significantly different at p ≤ 0.05  
 
 
 
 
Sources Nitrogen 
(ppm) 
Phosphorous
(ppm) 
Potassium
(ppm) 
Organic carbon
(%) 
 
Blue Nile 
 
0.38a 
 
0.30a 
 
1.43a 
 
44.3a 
 
South Kordofan 0.32a 0.25a 1.42a 42.3a 
 
 
55
4.3 Field assessment of A. polycantha seedlings establishment 
Results presented here belong to the last observations taken after seedlings 
transplantation in the field for two months, the measured growth parameters 
seedling length, diameter at root collar and number of leaves. Seedlings 
survival rate was very low (95%), and by the end of October months from 
transplanting after the seizure of rain fall, hundred percentage seedling death 
was observed. Seedlings average values of these parameters were: 41 cm for 
length, 2 cm for diameter at root collar and 29 for number of leaves (Table 
8). Seedlings raised in various soil types and transplanted in the field did not 
show significant differences for the parameters monitored, except that for 
the root collar diameter there was a significant difference between seedlings 
of mixture origin from those of sand and clay. Unexpectedly, seedlings from 
the mixture origin gave the lowest values of parameters measured 
meanwhile seedlings from clay source produced the highest values. 
Seedlings transplanted in the field by source of seed area did not show 
significant differences between the parameters studied. Even though, 
seedlings from Blue Nile origin had higher length and denser foliage (Table 
9); but seedlings diameter at root collar was almost identical for the two 
source transplants. 
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Table 8: A. polycantha seedlings growth in the field, soil type back 
ground influence 
Soil type 
Source 
Seedling  
length (cm) 
Root collar 
diameter (cm) 
Number of  
Leaves 
Clay 43.2a 2.2a 32a 
Sand 42.6a 2.1a 28a 
Mixture 37.1a 1.8b 25a 
Mean 41 2.0 29 
Values in the column with different letter are significantly different at p ≤ 0.05  
 
Table 9: A. polycantha seedlings growth in the field, seed source back 
ground influence 
Seed source 
Area 
Seedling  
Length (cm) 
Root collar 
diameter (cm) 
Number of  
Leaves 
 
Blue Nile 
 
43.6a 
 
1.9a 
 
32a  
 
South Kordofan 38.3a 2.0a 25a 
Values in the column with different letter are significantly different at p ≤ 0.05  
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By examining the summary of the results mentioned above when compared 
between the three soil type it is obvious that the mixture is the best one 
concerning the seedlings growth parameters studied, the clay has moderate 
effects. The sand recorded the lowest level in almost all the measured 
parameters except for the better root development. Seedlings in this poor 
medium seek first to establish good root system in search for water and 
nutrient. While in richer media like clay and mixture, seedlings proceed right 
on with the shoot development without being worried about search water 
and nutrients. On the other hand, seedlings of Blue Nile performed better 
than those of South Kordofan source, indicating good seed quality and 
perhaps a superior variety of the species. Naturally the species thrives on 
river banks and hilly slopes and some places like Jeble Marra, it is part of 
the gallery stands where it can reach more than 30 m in height competing 
with the other species for light (Dr.Daldoum Mohamed, personal 
communication). For nutrient analyses in the seedling foliage there was no 
definite pattern both for the effects of soil type and seed source area. 
Silvicultural information of A. polycantha is very scanty in the literature. 
Hirao and Nyambati (1991) compared the growth of some species in two 
sites (at Kitui in Kenya), and found that the height growth of Acacia 
polycantha and Cassia siamia was much less in the drier than in the wetter 
 
 
58
site; but they found no difference in Acacia polycantha basal diameter. 
Asakawa et al (1993) studied the effect of different media (Kanuma soil 
mixture, superficial root Perlite mixture and Vermiculite mixture) on mid-
diameter of some tree species, among which was Acacia polycantha, and 
concluded that the media type had no effect. Kozloski (1971) reported that 
moisture controls root growth and the root growth is markedly influenced by 
the rooting medium. He found a yearly root elongation of six-year old Pinus 
trees in a sandy soil averaged 18-20 inches, whereas in clay soil it averaged 
only 5-10 inches. Freeley (2005) mentioned that soils with higher clay 
content have less extensive roots than soils which are sandy or better drained 
and the roots growing in fertile, moist and well aerated soils will be more 
numerous, less extensive and closer to the trunk than roots in less desirable 
soil. Roots in sandy soils will be more extensive, less fibrous and fewer in 
numbers. Mckenzie et al (2001) observed limited root growth in soils with 
high clay contents due to more strength needed to exert by the plant to 
penetrate them. A number of soil properties are influenced by soil texture 
particularly nutrients availability and in turn it affects plant growth (Wakeel 
et al. 2005; Tagar and Bhatti, 1996). Soil rich in clays and organic matter 
contents hold more nutrients than sandy soils (Brady 1974). However, 
Handle and Schuch (2004) observed that sand-growing seedlings had greater 
 
 
59
root dry weight and root/shoot ratio. Etter (1969) mentioned that increased 
shoot growth relative to root growth would result in a poor shoot/root ratio 
leading to unbalanced seedlings dimensions, which in turn may be 
disadvantage on a dry out-planting site. 
For all the results of the effect of seed sources in the field regeneration of 
Acacia polycantha seedlings, there were no significant differences in the 
parameters studied for the two sourcess. These results are in agreement with 
the results of Evans (1992) who concluded that, initial survival of seedlings 
in the field is affected by various factors like soil and climatic conditions. 
Teel (1985) indicated that Acacia polycantha root penetration was affected 
by soil hardness and also by temperature. Variation in shoot height among 
provenance can be attributed to differences in bud and internode expansion 
and also it could be attributed to difference in ability of the cells of the epical 
meristems to divide, and their subsequent elongation (Kozolowski and 
pallardy, 1997). Asakawa (1994) when transplanting seedlings of Acacia 
polycantha, Acacia albida, Acacia nilotica and Acacia abyssinica, found 
that there were significant differences in the seedlings height, root length 
and weight. Acacia polyacantha can grow under a variety of conditions 
(Nyadzi et al, 2003). The variation in the morphological characters among 
the provenances of A. polycantha reported in this study, are supported by 
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similar findings in other species (Tekehaimanot et al, 1998). Abdelgadir and 
Khalil (2003) stated that the Kordofan provenance of Cordia Africana 
showed the highest root/shoot ratio and the root distribution profile was 
adversely affected by soil drying, also they indicated that Kordofan 
provenance may be a more suitable seed source for afforestation in drought-
prone environments. From the above mentioned results this study concludes 
that the variation in seedlings diameters, length, number of leaves and 
weight depend on seed source and these variations are useful in selecting the 
provenance to be grown in the suitable soil type. Nutrient concentration in 
this species seems not to be very high if compared with concentrations in 
other acacia species. Ama (2002) has found nutrient concentrations in some 
acacia species (Acacia nilotica, A. seyal, A. senegal and A. tortilis) in the 
nursery to range from: N 2.7 to 4.5%; P approximately 1.1% and K 0.66 to 
1.44%. Also Nimer (2000), Raddad (2006) and ElTahir (2006) have found 
high levels of nutrients in A. senegal foliage thriving both on clay and sandy 
soils.  
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Chapter 5 
Conclusions and Recommendations 
5.1 Conclusions 
The main conclusions drawn from this study are: 
1/ Seed coat dormancy breakage and enhancement of germination of A. 
polycantha can best be obtained by immersing seeds in boiling water, and 
letting them there till it cools. Other methods (corrosion by conc. H2SO4, 
itching by electrical needles…etc) are equally effective, but boiling water 
has the advantage of being cheaper and safer. 
2/ Seedling growth performance and nursery stock raising of A. polycantha 
is best achieved by growing them in sand-clay mixture or similar loamy 
substrate. Clay is also similarly effective. These findings are in agreement 
with the natural requirements and distribution of this species which grows in 
preference on alluvial or hilly detritus well drained soils. 
3/ Seedlings growth performance from Blue Nile source was superior to that 
from South Kordofan in all studied growing parameters; besides, seeds from 
South Dar Fur gave very poor germination and were thus excluded from 
experimentation. This may imply that the tested seeds belong to different 
provenances or even varieties. 
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4/ Field establishment of A. polycantha by both seeds and seedlings was 
very mediocre. But this is attributed to the poor field conditions (sandy soils 
and drought) rather than the quality of the growing material. 
5.2 Recommendations 
In view of the importance of A. polycantha as potential gum producing tree 
and render of multipurpose products and services, we recommend the 
species to undergo in further research work, particularly: 
1/ To investigate thoroughly the natural distribution and the physical 
requirements of the species, and explore prospects for bringing the species 
under some management prescriptions naturally. 
2/ To intensify field trials and Silvicultural work about the species in order 
to command its establishment and bring it under domestication in the future. 
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  اﻟﻤﺮاﺟﻊ اﻟﻌﺮﺑﻴﺔ
اﻟﺒﺬور واﻟﻤﺸﺎﺗﻞ  5002-اﻟﺪﻳﻦ،ﺣﺴﻦ إﺑﺮاهﻴﻢ  -ﻋﻼء أﻣﻴﻦ ، ﻃﻼل أﺳﻌﺪ/ 1
  .ﺻﻔﺤﺔ103ﻣﻨﺸﻮر ﺟﺎﻣﻌﺔ ﺗﺸﺮﻳﻦ، آﻠﻴﺔ اﻟﺰراﻋﺔ ،- اﻟﺤﺮاﺟﻴﺔ
 -اﻟﺤﺮاج واﻟﻤﺸﺎﺗﻞ اﻟﺤﺮﺟﻴﺔ– 4991ﻣﺠﻴﺪ أﻏﺎ، ﻋﺎﻣﺮ، - اﻟﺤﺴﻴﻦ، زﻳﺎد/ 2
  .ﺻﻔﺤﺔ 694آﻠﻴﺔ اﻟﺰراﻋﺔ اﻟﺜﺎﻧﻴﺔ، -ﻣﻨﺸﻮرات ﺟﺎﻣﻌﺔ ﺣﻠﺐ
ﻣﻨﺸﻮرات ﺟﺎﻣﻌﺔ  -اﻟﺒﺬور واﻟﻤﺸﺎﺗﻞ اﻟﺤﺮﺟﻴﺔ– 6991-اﻟﺮﻓﺎﻋﻰ ،ﻋﺒﺪاﷲ /3
  .ﺻﻔﺤﺔ 403ﺣﻠﺐ، آﻠﻴﺔ اﻟﺰراﻋﺔ، 
ﺟﺎﻣﻌﺔ _ آﻠﻴﺔ اﻟﻐﺎﺑﺎت –ﻓﻼﺣﺔ اﻟﻐﺎﺑﺎت  2002-ﺣﺴﻴﻦ ، ﺻﻼح اﻟﺪﻳﻦ ﺟﻮدة /4
  .ﺻﻔﺤﺔ 181-ﻣﻄﺒﻌﺔ ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم-اﻟﺨﺮﻃﻮم
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table1: Some physical and chemical properties of sandy soils at Damokeya area, Northern Kordofan State.
Depth Particle size distribution Textural pH pH E.c SAR Bulk  Porosity 
(cm) sand silt clay Classes (paste) (1:5)   Density  
 % % %    ds/m % g/cm3 % 
0-10 87.6 3.0 8.4 loamy sand 6.3 6.9 0.19 0.02 1.5 40 
10-150 88.9 2.0 7.2 loamy sand 6.7 7.1 0.17 0.01 1.5 40 
 
 
Table 1: Continued 
Depth Exchangeable bases CEC Cl- HCO3- SO4= O.C O.M N C/N PO4--- 
(cm)  Meq/100g soil meq/100g 
soil 
        
 Ca++ Mg++ K+ Na+  meq/l meq/l meq/l % % %  ppm 
0-10 0.9 0.04 1.1 0.26 2.7 35 1 34 0.18 0.32 0.016 11 0.26 
10-150 0.9 0.8 1.1 0.30 3.1 35 3 32 0.13 0.02 0.012 11 0.04 
 
 
 
 
 
 
Table2: Some Physical and Chemical properties of the Gardud soil at Elain area, Northern Kordofan State. Abdalla (2007) 
 
 
 
 
 
 
Table2: Continued 
 
 
 
 
Soil 
depth 
(cm) 
Mechanical analysis Saturation 
Paste 
(%) 
A.W.C 
(mm) 
Bulk 
density 
(gm-3) 
H.C 
( Cm hr-
1) 
PH (1:5 
soil: 
H2O 
ratio)
ECe 
dSm-1 
CaCO3 
(%) 
N 
(%) 
Organic 
carbon 
(%) 
Sand Clay Silt 
0 -20 28 12 23 58 13.2 1.75 3.16 7.5 0.40 0.0 0.025 0.24 
20 – 50 25 15 22 50 13.0 1.79 3.13 7.9 0.39 0.0 0.025 0.23 
50 – 85 29 16 23 47 13.1 1.74 4.82 8.2 0.44 2.0 0.026 0.23 
85 – 110 27 16 23 50 13.6 1.77 2.50 8.5 0.70 2.0 0.023 0.21 
110 -160 22 12 30 48 14.5 1.81 1.95 8.5 0.47 3.0 0.023 0.21 
Soil depth 
 (cm) 
                          Soluble cations                    Soluble anions CEC 
C mol (+) kg 
-1 soil 
SAR ESP Avail. P      
(mg Kg-1 ) 
Na Ca Mg Cl- HCO3 
0 -20 1.7 1.5 0.5 1.2 1.65 21 2 4 1.6 
20 – 50 1.6 1.5 0.5 1.2 1.50 20 2 5 1.6 
50 – 85 1.85 1.5 0.5 2.0 1.90 20 2 7 1.4 
85 – 110 3.7 2.5 0.5 3.1 3.20 21 3 6 1.6 
  110 -160 2.5 1.5 0.5 2.2 2.05 25 3 4 1.4 
 
Table 4: Some growth parameters of A. polycantha seedlings raised in different soil types 
 
 
 
 
 
 
Table 5: Some growth parameters of A. polycantha seedlings obtained from Blue Nile and South Kordofan  
 
 
 
 
 
 
 
Growing 
media 
Seedling 
length/Cm 
Number of 
leave 
Number of 
leaflets 
Shoot 
weight/gm 
Mid 
diameter/Cm 
Root 
weight/gm 
Root 
length/Cm 
Shoot/Root 
ratio 
Clay 39.9a      16.9ab    3355a 2.2ab   3.3a 1.0b     21.3c     2.4a 
Sand 34.1b      15.1b 2220a 1.4b 4.4a      2.215a 32.1a     0.6b 
Mixture 42.8a      18.0a     3233a 2.8a 2.8a     1.306b    23.5bc    2.1a 
Origin  Seedling 
length/Cm  
Number of 
leaves 
Number of 
leaflet 
Shoot 
weight(gm)
Mid diameter 
(Cm) 
Root weight 
(gm) 
Root 
length/Cm 
Shoot/Root 
ratio 
Blue Nile 40.6a   17.0a     3490.9a   1.9b 3.3a     0.9b     22.9b    2.1a 
South 
Kordofan 
36.5b 16.7a 2930.0a 2.6a 3.6a 1.7a 26.3a 1.5a 
